Background and objective: There are no data on the prevalence of peripheral artery disease (PAD) and risk factors in Indians. This study was aimed at studying the prevalence of PAD and risk factors in elderly population of northern parts of Kerala, South India. Methods: In a prospective observational survey we evaluated men and women of age between 60 and 79 years from Kerala. Anthropometric measurements, biochemical investigations and electrocardiogram were done. The diagnosis of PAD was made by ABI < 0.9. Assessment of coronary artery disease CAD was performed using historical, angina questionnaire and electrocardiographic criteria. Results: Of the total sample of 1330, we could evaluate 1148 respondents (86.3%). Overall mean (SD) ABI was 0.97 (0.19). Age-adjusted prevalence of PAD was 26.7% (95% CI (24.3, 29.4)) with no difference between urban and rural population. Prevalence of symptomatic PAD was low. Diabetes, hypertension, high cholesterol, low high-density lipoprotein cholesterol, sedentary life style and smoking was observed in 25.5%, 62.9%, 61.6%, 35.9% 38.1% and 30.7%, respectively. On multivariate analysis age, smoking and physical inactivity were strong predictors of PAD. There was independent association of PAD with definite CAD.
Introduction
Peripheral artery disease (PAD) refers to obstructive disease of major arteries below the aortic bifurcation. Vast majority of PAD is caused by atherosclerosis. It is a major cause of lower limb symptoms, disability and limb loss. With the rise in aging population, the prevalence of PAD is also on the increase. Most cases of PAD are asymptomatic; approximately a quarter of patients with PAD present with intermittent claudication (IC) and progress to critical limb ischemia with rest pain and gangrene leading to significant disability and limb loss. 1 Several studies have demonstrated that patients with asymptomatic as well as symptomatic PAD are at an increased risk of cardiovascular morbidity and mortality compared with subjects without PAD. [2] [3] [4] There have been large epidemiological studies on the prevalence and associations of PAD from the developed Western societies. [5] [6] [7] Surveys have also been published from India on the prevalence of PAD among non-insulin dependent diabetes mellitus (DM) and other high-risk population. 8, 9 However, there has been no large study on the prevalence of PAD from India among unselected elderly population. We sought to estimate the prevalence of PAD on the basis of ankle-brachial index (ABI), and risk factors of PAD among a population of men and women between the ages of 60 and 79 years, who were participants of the Cardiological Society of India Kerala Coronary Artery Disease and Its Risk Factors Prevalence Study (CSI Kerala CRP study).
Patients and methods
A detailed description of the design, sample, and methods of CSI Kerala CRP study and the data on prevalence of coronary artery disease (CAD) and risk factors among the participants have already been published. 10, 11 Briefly, this was a cross-sectional communitybased survey during the period from January to June 2011. The main objective of CSI Kerala CRP study was to determine the prevalence of CAD and its risk factors in rural and urban areas from three geographical regions of the state of Kerala, India, among men and women between the age 20 and 79 years. There were 5167 subjects in the main study. A sub-sample of elderly men and women from urban and rural regions of Kozhikode district (north) and Thrissur (central) district of the state constituted subjects for the present study. All men and women at or above the age of 60 years from all the listed households of these regions were included in the study. The sample selection procedure is shown in Fig. 1 .
We collected data using the standard interview method and responses recorded on a questionnaire. Information on basic socioeconomic and demographic details, smoking, physical activity, dietary habits, and personal history of hypertension, dyslipidemia, diabetes mellitus and CAD were collected. Rose Questionnaire (RQ) was used to draw data for intermittent claudication and angina. 12 History of documented prior myocardial infarction, unstable angina, coronary artery bypass grafting (CABG) surgery, noninvasive investigations for CAD, coronary angiography, coronary angioplasty, documented use of drugs for CAD, hospital admission for CAD, family history of ischemic heart disease, stroke and coronary risk factors was also recorded.
Ankle brachial index
Trained doctors obtained ankle-brachial systolic blood pressure measurements. Subjects were asked to lie supine for at least 5 min before blood pressure measurement. Arm and ankle blood pressure was taken using standard mercury sphygmomanometer. For leg blood pressure, cuffs were applied to the calf with the midpoint of the bladder over the posterior tibial artery (PTA), two inches above the medial malleolus. Both ankle and brachial systolic blood pressure was taken with an 8 MHz Doppler pen probe (Dopplex D900 À Non-directional Doppler, Huntleigh Technologies, Cardiff, UK). Single measurement of both brachial and ankle pressures were recorded. For each limb the cuff was inflated quickly to the maximal inflation level and deflated at a rate of 2 mm Hg per second until audible sound appeared. The first appearance of sound was recorded as the systolic pressure. If the posterior tibial pulse could not be located by palpation or with the Doppler probe, measurement was taken from the dorsalis pedis artery (DPA).
Definitions
The ankle-brachial systolic blood pressure index (ABI) was defined as the ratio of the lower of the systolic blood pressures at either ankle (PTA) to the higher of the systolic blood pressures in the brachial arteries. If only one PTA pressure was available, that was taken for leg systolic pressure. If both PTA pressures were missing, lower or available DPA pressure was taken as the leg systolic pressure. The ABI values were corrected to 2 decimal points. We considered PAD to be present if the ABI is <0.9, as defined by Fowkes et al and Meijer et al. 5, 6 Those with ABI >1.5 were excluded from analysis as this ABI reflects severe arterial rigidity and spurious ankle pressures. We evaluated IC according to Rose Questionnaire. Symptomatic PAD was defined as subjects with PAD by ABI associated with IC.
We defined coronary artery disease as: (a) Definite CAD based on any of: documented evidence of prior acute coronary syndrome (ACS) or treatment for CAD, documented history of undergoing coronary angioplasty or CABG, more than 50% epicardial coronary stenosis by invasive coronary angiography, ECG showing pathological Q waves (any of Minnesota code 1-1-1 to 1-1-7or 1-2-1 to 1-2-5 or 1-2-7), imaging evidence of a region of loss of viable myocardium that is thinned and has a motion abnormality, in the absence of a non-ischemic cause, 13 Rose Angina Questionnaire (RAQ) angina plus ECG changes (any of Minnesota codes 4-1-1, 4-1-2, 4-2 or 5-l, 5-2), or RAQ angina plus positive treadmill ECG (exercise-induced horizontal or down-sloping ST depression of >1 mm at 80 ms from J point), or inducible ischemia on stress imaging;(b) Probable CAD based on any of (in the absence of any of the definite criteria):RAQ angina without significant ECG changes, ECG changes (any of Minnesota Code 4-1-1,4-1-2, 4-2 or 5-1, 5-2) without RAQ angina, or positive treadmill ECG without RAQ angina. Any CAD was defined as those who have satisfied either definite or probable CAD criteria.
We defined DM as fasting blood glucose value of ! 7 mmol/L and/or if there was current use of medications for diabetes, 14 Fig. 1 . Sampling procedure for the study.
hypertension as blood pressure !140 mm Hg systolic and/or !90 mm Hg diastolic and/or currently on drugs for high blood pressure, 15 and dyslipidemia as any of: serum total cholesterol !200 mg/dL, serum LDL cholesterol ! 130 mg/dL, serum HDL cholesterol <40 mg/dL, in men or <50 mg/dL in women, or serum triglycerides !150 mg/dL. 16 We categorized body mass index (BMI) as normal (18.0-22.9 kg/m 2 ), overweight (23.0-24.9 kg/m 2 ), or obesity (!25 kg/m 2 ). Abdominal obesity was defined as a waist circumference of !90 cm in men or !80 cm in women. 17 Physical activity level was classified into sedentary and non-sedentary. All subjects doing activity involving physical effort for at least 30 min a day for a minimum of 5 days a week (household activities involving physical effort, walking to and from work involving at least 30 min, manual workers, those performing leisure-time physical activities) were considered non-sedentary. All others were classified as sedentary.
Ethical clearance
The present study was in compliance with the Helsinki Declaration. The Ethics Committee of Cardiological Society of India, Kerala Chapter, approved the study. Informed written consent was obtained from all participants.
Statistical analysis
We estimated the sample size based on an anticipated prevalence of 9% of PAD in the Edinburgh Artery Study 5 in a sample of men and women aged between 55 and 74 years. The total sample size (n) was estimated using the formula, n = Z 2 P (1-P)/e 2 where Z was the level of confidence (95%), P was the anticipated prevalence (9%) and e was the level of precision (2%). A design effect of 1.5 was considered for sample size. The estimated total sample size was 1180.
We entered data into CS Pro software (the US Census Bureau) version 4.0 for Windows. Data cleaning and statistical analysis were performed using Stata (Stata Corp, Texas, USA) version 13.0 for Windows. Frequency distribution was done for categorical variables and descriptive statistic for continuous variables. Comparisons of prevalence or mean between different categories were done using two-tailed proportion test or independent sample test depending upon the distribution of data. The differences in prevalence or mean with 95% confidence interval (CI) were provided. Risk factor analysis was done using log binomial model to obtain prevalence ratio (PR) and its 95% CI as the prevalence of PAD was over10%. Most recent epidemiologic models prefer PR to odds ratio (OR) to assess the degree of association, as using OR may lead to overestimation. 18 All the risk factors studied in univariate analysis were considered for multivariate model. We also provided age-adjusted prevalence of PAD using World Health Organization population data. P value <0Á05 defined the level of statistical significance.
Results
Of the 1330 men and women at or above 60 years of age enlisted for the study, 1172 responded. Of this, ABI values were not available in 24 participants leaving 1148 subjects available for analysis (Men43.2%); the overall response was 86.3%. The response rate in men and women was similar (84.6% vs. 87.5%; p = 0.5539). Missing data for diabetes, hypertension, serum cholesterol, and HDL were 3,4,7,and 7 subjects respectively. The baseline characteristics of the sample are depicted in Table 1 . Prevalence of diabetes and hypertension was similar in men and women. Women were more often obese, with higher prevalence of abdominal obesity, high cholesterol and low HDL levels. Men had better education, higher prevalence of definite CAD and more often sedentary. Smoking was prevalent only in men.
Distribution of ABI
The overall mean (SD) ABI among 1148 participants was 0.97 (0.19). Fig. 2 depicts gender-wise distribution of ABI. Over twothird of the ABI occurred in the range of 0. 9 to 1.2. There was no difference in mean ABI between urban and rural sample ( Fig. 3 ). Mean ABI was significantly lower in women [0.95 (0.17) vs 0.99 (0.21); p = < 0.001] ( Table 2 ). However, height-adjusted mean ABI among men and women showed no significant difference (0.98 vs.0.95, 95% CI (-0.005,0.06), p = 0.092).
Prevalence of peripheral artery disease
There were 299 subjects with ABI <0.9. An additional 9 subjects had ABI equal to 0.9. The age-standardized prevalence of PAD among the sample was 26 (20.84, 25. 75)], respectively. There was a steady increase in the prevalence of the disease with age ( Fig. 4) ; prevalence in the 60-64 years and 75 to 79 years groups was 21.13% and 38.19% (p <0.001), respectively. This was true for asymptomatic cases (19.25% vs. 34.03%; p = 0.0002) while in symptomatic group, a significant difference by age was not found (1.88% vs. 4.17%; p = 0.1173). The overall occurrence of PAD was more in women; but the difference between men and women was seen only in the 70-79 years age group (Table 3) . 
Intermittent claudication
Symptomatic PAD was more prevalent in urban sample (4.50% vs. 1.84%; p = 0.0088) whereas asymptomatic PAD was more often seen in rural population (25.57% vs. 20.04%; p = 0.0284). Prevalence of symptomatic PAD was similar in men and women (2.65% and 3.23%; p = 0.5693). However, asymptomatic PAD was more common in women (25.35% vs. 20.37%; p = 0.0485).
Intermittent claudication by RQ was observed in 79 subjects (6.92%); 5.34% of patients with ABI 0.9 to 1.5 and 11.37% in the ABI <0.9 group; the prevalence of IC was significantly more in those with ABI <0.9 (95% CI for difference: (2.13, 9.94); p = 0.0004). The prevalence of IC among patients with PAD was 11.37%, equally divided between men and women (11.50% vs. 11.29%); urban men and women with PAD had much more prevalent symptoms than rural.
CAD and risk factors
Among the 1148 subjects the prevalence of diabetes, hypertension, high cholesterol and low HDL was25.50%, 62.94%, 61.61%, and 35.93%, respectively. Sedentary habit was prevalent in 38.07%; smoking was exclusively seen in men (30.65%). Table 4 shows the univariate and multivariate associations between PAD and various subject charecteristics. On univariate analysis we found that age, sex, diabetic status and physical inactivity were associated with presence of PAD. Smoking showed a trend for higher prevalence of PAD. Hypertension, high Likewise, about one-third of subjects with PAD had any CAD; the figure for definite CAD was 15.05%. On multivariate analysis age, smoking and physical inactivity were strong predictors of PAD; diabetes and female sex were also independently associated. Hypertension, high cholesterol, low HDL obesity or abdominal obesity did not show association. There was independent association of PAD with definite CAD.
Discussion
Peripheral arterial disease is being recognized as a major health problem in the elderly. Our study tried to estimate the prevalence of PAD among men and women between the age of 60 years and 79 years in central and northern parts of Kerala, South India. We could achieve a response rate of 86.3%, comparable to other major studies. 5, 6 In our study, ABI at rest was used to define presence of PAD. Ankle brachial index is a very sensitive (97%) and specific (100%) tool for diagnosis of PAD. 19, 20 In a number of surveys, ABI measurement during exercise or during reactive hyperemia was used. 5, 21, 22 We employed resting ABI only, as used in other major surveys on PAD, as other maneuvers are generally not useful. 23 There has been disagreement in the way ABI is calculated in studies in the past. Some of the major studies 6 have used lower ankle pressure (LAP) for calculation of ABI while others have used the average of ankle pressures 24, 25 or the higher of the ankle pressures (HAP). 26 There are two studies comparing LAP with HAP for sensitivity and specificity; both found that the LAP used for calculation of ABI conferred more reliable estimate of PAD, notwithstanding the 2016 AHA statement recommendation of HAP for calculation of ABI. 27, 28 The sensitivity of ABI for diagnosis of PAD is better when LAP is used; since ABI has lower sensitivity and high specificity for diagnosis of PAD we used a higher sensitivity measurement as the numerator.
The threshold of ABI for diagnosis of PAD is still debated. In this study, we chose <0.9 as the threshold ABI for PAD diagnosis. Although the ABI cut off currently accepted is 0.9. 29 most major studies have taken <0.9 as the cut-off for diagnosis of PAD. 6, 7, 24, 30 and hence we also chose this value for comparison.
Distribution of ABI
As expected, the distribution of ABI had a skew for the range of >0.9 to 1.5; more than 70% of ABI fell in this range. Mean ABI was lower in women, which may be partly explained by the shorter stature of women. Shorter stature causes lower ABI, and this is unlikely to be related to the difference in actual prevalence of PAD. Aboyans et al. found that on an average, ABIs are slightly lower in women independent of height. 31 while Hiatt et al. found that in normal subjects, the influence of height on the ABI is small. 32 While such differences may not affect the assessment in individuals, but may lead to overestimation of prevalence of PAD among women. When ABI was adjusted for height, we found no significant difference in ABI in men and women.
Prevalence of PAD
The overall crude prevalence of PAD was high in our study. The prevalence was much higher than most of the western studies where figures between 4 and 19% were found. Data from National Health and Nutrition Examination Survey found12.2% prevalence of PAD in US subjects at or above the age of 60. 33 In the Strong Heart Study with participants aged 45-74 years, PAD was seen in 5.3%. 34 The highest prevalence among major western studies on unselected population was 19.1% (Rotterdam Study). 6 It is difficult to make reliable comparisons with other large population surveys on PAD on account of differences in age of the study population, ethnicity and time frame. In Rotterdam study, the approximate prevalence in the subset between ages 60 and 79 was 19% vis-à-vis 26.7% in our study. However, it may be noted that the frequency of risk factors in our sample was much higher than most major studies (diabetes25.5% vs. 10%; hypertension 62.9% vs. 29 to 47%; high cholesterol 61.6% vs. 30 to 46% and smoking 31% vs. 14 to 21%). 6, 24, 31 The high frequency of vascular risk factors would probably account for the high prevalence of PAD in our study. There was no difference in the occurrence of PAD in urban and rural areas. The lack of a rural-urban divide was akin to similar finding in the prevalence of CAD in Kerala, due to the fact that in Kerala, the urban-rural differences in the socioeconomic status, risk factors, and dietary habits were negligible.
The prevalence of PAD was more in women despite the fact that major risk factors like diabetes and hypertension were not higher in women. We found only high BMI, abdominal obesity, high cholesterol and low HDL more prevalent in women and none of these was found to have an independent association with PAD. The gender-specific prevalence of PAD by ABI seems to be highly variable in studies from the West. The Rotterdam study showed clear female preponderance in PAD prevalence. However, most other studies have found PAD prevalence more in men or equal in both sexes. 34, 35 Higher occurrence of PAD in women mirrors the unadjusted low ABI in women; thus it may be partly related to the effect of height on ABI and may not reflect truly higher prevalence in women. Rose Questionnaire is widely used for assessment of IC in PAD, however it is insensitive for diagnosis of lower extremity obstructive arterial disease. 36 The Rose questionnaire for claudication was developed for epidemiological surveys. It is moderately sensitive (60-68%), and highly specific (90-100%) for diagnosis of PAD. The Edinburgh Claudication Questionnaire (ECQ) is an improved version of the Rose Questionnaire. It was found to be 91.3% sensitive and 99.3% specific in detecting IC in the general population, compared with the diagnosis of PAD by clinical examination. 37 In our study we have used Rose Questionnaire as has been utilized in other major studies on PAD. 5, 6 Only a small minority ($3%) of the participants in this study reported symptom of IC. The prevalence of IC was same in men and women, where as asymptomatic PAD tended to be more in women. Other studies reported prevalence of IC in the range of 5.3% to 18.9%. 5, 6, 34, 38 Among patients with PAD, the prevalence of IC was 11% with no difference in men and women. The low prevalence of IC may underlie the fact that elderly individuals are unlikely to walk vigorously enough to the point of symptoms.
Peripheral artery disease, coronary artery disease and risk factors
There was high prevalence of major CVD risk factors in the subjects studied. The association with PAD was found with age, female gender, physical inactivity, smoking and diabetes by multivariate regression analysis. Surprisingly, hypertension, low HDL, obesity or abdominal obesity did not show any significant association; high cholesterol and tended to have some relation with PAD. The prevalence ratio was highest for smoking (1.5) followed by definite CAD, age, female gender and physical inactivity (1.4 each), diabetes (1.3) and high cholesterol (1.2). Most large studies on PAD have found significant association between PAD and major CVD risk factors like smoking, diabetes and hypertension while failed to find relation between obesity and PAD. Dyslipidemia has been found to be an independent factor in most studies except the Framingham Offspring Study. 24 Our study, for unexplained reasons, did not show any association between hypertension and high cholesterol or low HDL in either univariate or multivariate analysis, although high cholesterol showed a trend. Another unique finding in our data was the strong association between physical inactivity and PAD (PR = 1.4; p = 0.002).
Among subjects with PAD, nearly 1/3 had any CAD and 15% had definite CAD in our study. Major western studies have shown much higher proportion of CAD in participants with PAD. Subherwal and associates, analyzed data from a large registry concluded that patients with PAD had higher risk of long-term cardiovascular events compared to those with incident MI alone and suggested that PAD should be considered as a coronary artery disease riskequivalent. 39 The Edinburgh Artery Study observed CAD in 71% of individuals with symptomatic PAD and 54% in asymptomatic subjects. 5 Other studies evaluating angiographic CAD in patients with proven PAD report prevalence of CAD between 50 and 70%. 40, 41 In the ARIC study, individuals with ABI <0.9 were twice likely to have CAD than those with ABI >0.9. 25 Similar relation was noted in the Cardiovascular Health Study. 35 These figures are higher than what we have found; the differences may be partly explained by the differences in the criteria for defining CAD in these studies. On multivariate analysis, our study did not show any correlation between PAD and any CAD, but correlation with definite CAD was significant.
Studies from India and other Asian countries
Studies on PAD prevalence from Asian countries are limited. A study from urban sample at or above the age of 20 years from South India showed PAD prevalence of 3.2%. 8 The prevalence of PAD was more in women among Indian patients with type 2 diabetes. 42 A cross-sectional population study from Sri Lanka on more than 2900 persons between the ages of 50 to 70 years revealed 3.6%age and sex-adjusted prevalence of PAD. 43 A Chinese population study of men and women aged > = 60 years showed age-standardized PAD prevalence of 15.3%; the prevalence was higher in women. 44 Our study was the first population survey of PAD in unselected elderly population from India. We were able to get a good response rate for our study with very little missing data. One important limitation of the study was that we did not use a random-zero sphygmomanometer for assessment of ABI; moreover, we did not make multiple measurement of the leg and arm blood pressures to estimate ABI. Taking the mean of consecutive measurements, as for example in the Limburg PAOD Study 45 would have been more appropriate. We could not estimate observer variation in this study; however, Aboyans et al in a study found high inter-and intra-observer reliability of various ABI calculation methods. 46 In conclusion, our cross-sectional survey on PAD diagnosed on the basis of ABI from urban and rural regions of Kerala showed high prevalence of PAD among elderly men and women, with no urban rural difference. Intermittent claudication was uncommon in our sample. Age, female gender, smoking, physical inactivity, diabetes were independent predictors for presence of PAD while hypertension, high cholesterol, obesity did not have significant association.
